Abstract -One hundred and twenty-one species of marine algae, seagrasses and cyanobacteria are reported from the offshore atolls of northwestern Western Australia (the Rowley Shoals, Scott Reef and Seringapatam Reef). Included are 65 species of Rhodophyta, 40 species of Chlorophyta, nine species of Phaeophyceae, three species of Cyanophyta and four species of seagrasses. This report presents the first detailed account of marine benthic algae from these atolls. Twenty-four species are newly recorded for Western Australia, with four species (Anadyomene wrightii, Rhipilia nigrescens, Ceramium krameri and Zellera tawallina) also newly recorded for Australia.
INTRODUCTION
The Rowley Shoals, Scott Reef and Seringapatam Reef are shelf edge atolls lying some 300 km off the coast of northwestern Australia, on the continental slope in clear oceanic waters. Prior to an unpublished survey undertaken by the first author for environmental consultants URS (in February, 2006) , records of macroalgae from these reefs were extremely limited, as is generally true for much of north-western Australia. Several expeditions collecting biological samples have visited the reefs, but none have made a concerted effort to collect the marine algae. A Russian expedition in 1978 resulted in the description of a new genus and species of coralline red algae, Rhizolamellia collum Shevejko (Shevejko, 1982) , but the distinctiveness of this taxon was questioned by Woelkerling (1988) and it requires further study. No further records of algae were published from the Russian expedition. Skewes et al., (1999) conducted visual surveys and gave a list of taxa for Scott and Seringapatam Reefs, mostly identified to genus only. They recorded 11 taxa or growth forms, presented here in Table 1 along with the reported percent cover.
These results give an indication of the ecological significance of macroalgae for the reefs, but as no voucher specimens were collected there would appear to be no way to confirm the taxon identifications.
Other than the new genus described by Shevejko (1982) and the list presented by Skewes et al., (1999) , there are no published accounts of macroalgae from the Rowley Shoals and Scott and Seringapatam Reefs. Moreover, prior to the present additions, no specimens were lodged in the Western Australian State Herbarium (search undertaken October 2006), the official repository of the State's plant collections. On a broader scale, a 1995 survey of the marine biota of the northern Kimberley was undertaken, but did not include the offshore atolls. The macroalgal component of that survey included 90 species, most of which were widespread tropical taxa. Walker (1996, p. 38) commented that 'the diversity and abundance of the algal flora was generally poor' in the northern Kimberley. Walker & Prince (1987) recorded three species of seagrass in their collections from Scott Reef and the Rowley Shoals: Thalassia hemprichii, Halophila ovalis and Thalassodendron ciliatum. The first two are common at the atolls and were re-collected during the recent surveys that provided the specimens documented in the present paper, along with a third species, Halophila decipiens. Thalassodendron ciliatum, however, was not observed. Walker & Prince (1987) , in what was the first record for Western Australia, note that it usually grows attached to rock or course grit, in areas of high currents.
On a larger geographical scale, the macroalgal flora of north-western Australia is poorly known, but is the subject of intensive and ongoing studies.
The first author of the present chapter is presently compiling a marine flora for the region, funded in-part by the 'Australian Biological Resources Study'. Thus, while published records are scant, the author's unpublished knowledge of the marine flora is considerable and has been incorporated to a degree in the present account.
The aims of the present survey were to assess the species composition and distribution of macroalgal and seagrass species occurring at the Rowley Shoals, Scott and Seringapatam Reefs.
METHODS
The present publication is based on collections made by the first author on three separate field surveys. The first was undertaken in February 2006 by environmental consultants URS on behalf of Woodside Energy. This trip visited Scott Reef and Seringapatam Reef. The second, in September 2006, was by the Western Australian Museum (W A Museum) with funding support from Woodside Energy. This survey also visited those reefs but in addition included Mermaid Reef, the northernmost atoll of the Rowley Shoals. The third trip (December 2007) was a survey of the three atolls of the Rowley Shoals (Imperieuse, Clerke and Mermaid Reefs) undertaken jointly by the Western Australian Department of Environment and Conservation (DEC) and the Australian Institute of Marine Science (AIMS). These surveys yielded a large number of specimens that have been lodged in the Western Australian State Herbarium (PERTH).
During each survey, the algal flora was assessed visually and by specimen collection, either by SCUBA, snorkelling or reef walking. SCUBA diving was only undertaken during the September 2006 and December 2007 surveys. Sampling Table 1 Macroalgae and percent cover recorded from Scott and Seringapatam Reefs by Skewes et al., (1999 effort during the latter was somewhat hampered by the majority of the dive time being required to undertake benthic monitoring (5 x 50 m transects), thus regular collecting was limited. During the September 2006 survey, depending on the topography, sites were sampled by: (1) a roughly linear transect from 20 m depth (where available) towards the shallows (outer reef and some lagoon bommies); (2) transects across the reef flat, perpendicular to the reef crest (reef flats and shallows). Initial attempts to assess percent cover by random photo quadrats proved futile, as the algae were mostly too sparsely distributed. The number of quadrats required to gain even a reasonable assessment of the diversity and cover would have been very large and therefore an inefficient use of limited dive times. At locations where individual species were present in large numbers, a gross assessment of maximum cover was made. Macroalgae and seagrasses were assessed at all stations visited during the WA Museum survey and station details are provided in the Station and Transect Data section (this volume). Presence/absence data for the macroalgae and seagrasses were incorporated into the overall station comparisons.
Representative specimens were collected from each location and preserved in 5% Formalin/ seawater (2006 surveys) or pressed directly on herbarium sheets on-site (2007) . These specimens have been lodged in the State Herbarium (PERTH). Additional material was also preserved in 100% Etoh (green algae) or dried in silica gel (red algae) for DNA analysis. Locations visited during the URS 2006 survey are listed in Table 2 . Table 5 gives the presence of individual taxa at each location observed during the WA Museum survey of 2006. Table 2 Collection Data for URS Survey, February, 2006 (URS Transect (Tr.) 
Figure 3
Rhipilia nigrescens, a spongy green alga found in reef front habitats.
Figure 4
Halimeda minima, common in shaded areas in most habitats.
RESULTS
A systematic list of taxa observed and/or collected during the three surveys is presented below. Table 5 , however, includes only those species recorded during the WA Museum survey of 2006 and is included here to enable combined analyses with the fauna. The taxa observed and/or collected at each station are listed in Table 5 .
General algal cover was estimated at only approximately 5-10%, but was extremely variable with some areas approaching 100% cover (e.g. Turbinaria ornata on the reef flat at Seringapatam, figure 1 ). The overall diversity of marine algae at the reefs visited is low, with only a small number of conspicuous species recorded. Several of these are consistently present in certain habitats:
Reef front -Crustose corallines (primarily Hydrolithon onkodes, figure 2) dominated the shallow reef crest, where they grew over and consolidated dead coral and rubble. In some places crustose corallines covered almost all available hard surfaces, occasionally reaching up to 65% cover. These areas were typically more exposed to wave action and the non-coralline algal species were restricted to localized protected microhabitats (on edges of outcrops, in gaps etc.). Non-coralline species observed at the shallow reef crest include Rhipilia nigrescens (Figure 3 ), Sphacelaria tribuloides, Dictyosphaeria versluysii, and Valonia ventricosa. In deeper water, species of Halimeda (e.g., H. minima, figure 4), Galaxaura, Dichotomaria ( Figure  5 ) and Tricleocarpa were occasionally common in exposed areas, but most of the algal diversity was restricted to protected areas under overhangs and within crevices. In these habitats, several crustose corallines (including Rhizolamellia collum, figure 6 ) and species of Peyssonnelia ( Figure 7) were common, more sporadically the red alga Corynocystis prostrata (Figure 8 ), Zellera tawallina and the gelatinous Gibsmithia hawaiiensis (Figure 9 ). At one station (16) large stands of Halimeda opuntia were observed at depth.
Reef flats -The brown algae Turbinaria ornata ( Figure 1 ) was present in most situations in the reef flat where hard substrata were available, but only at Seringapatam Reef did it reach high densities. The only other brown alga regularly encountered was the crustose form of Lobophora variegata (Figure Table 3 Macroalgal species recorded from various localities (partially from Huisman et al., 1998) 
Figure 5
Dichotomaria marginata, generally in reef front habitats.
Figure 6
Rhizolamellia collum, restricted to dark crevices on reef fronts
Rhipidosiphon javensis Montagne 1842
Rhipilia crassa Millar & Kraft 2001 Rhipilia nigrescens Coppejans & Prud'homme 1990 Table 5 Presence of individual taxa (X) at each station observed during the Western Australian Museum Survey of 2006.
STATIONS

Scott Reef Seringapatam
X X X X X X X X
SPHACELARIACEAE
Sphacelaria tribuloides Meneghini 1840
Rhodophyceae (Red Algae) Lagoon / bommies -on outcrops the green algae Halimeda opuntia, H. minima and H. discoidea generally occurred, the former also typically on the shaded sides and in hollows. Halimeda macrophysa (Figure 11 ) was occasionally present. The turf green alga Boodlea vanbosseae was almost always present on outcrops, as was the spongy green Boodlea composita. Other turfs included the red algae Polysiphonia spp., Coelothrix irregularis, and Gelidiopsis sp.
BONNEMAISONIACEAE
Sandy pools -Halimeda cylindracea was common in shallow sandy habitats, where its large bulbous holdfasts gave it some purchase. Also in these situations were Halimeda macroloba ( Figure 10 ) and Udotea glaucescens (Figure 14) . In some sandy habitats Caulerpa cupressoides and Caulerpa serrulata were also common. All of these species are adapted to growth in unconsolidated substrata, either by producing sand-binding bulbous holdfasts or by having prostrate stolons that attach at numerous points. In turn, the Halimeda and Caulerpa provide habitats for numerous epiphytic species, such as Padina sp., Herposiphonia secunda, Anotrichium tenue, Gayliella flaccida and Centroceras clavulatum. The seagrasses Thalassia hemprichii ( Figure 13 ) and Halophila ovalis were occasionally common in shallow sandy areas, the former sometimes forming small but dense beds. The occurrence of Halophila decipiens in deeper water, as suggested by video evidence in the URS report, is confirmed for Scott and Seringapatam Reefs.
DISCUSSION
Over 120 species of macroalgae and seagrasses are reported for the Rowley Shoals, Scott Reef and Seringapatam Reef. This represents a significant contribution towards documenting the marine flora of these reefs. Once the smaller, cryptic epiphytic algae are fully assessed, the species (Cribb) Farghaly (see Table  4 ). As these reefs have not been intensively sampled previously, the majority of the species represent new records.
From an algal perspective there were very few differences in the floras of the Rowley Shoals, Scott and Seringapatam Reefs, and most of those noted were probably site specific or habitat related rather than between reef differences. The higher energy reef fronts typically supported the encrusting coralline Hydrolithon onkodes near the crest. This species is characteristic of this zone in most IndoPacific reefs. The mat-forming green alga Cladophora herpestica was common on vertical walls in shallow, relatively exposed locations at the Rowley Shoals, whereas it was seemingly absent from Scott and Seringapatam Reefs. This species furnishes perhaps the only clear floristic difference between the two reef systems. Other species from reef front habitats were often associated with dark recesses within the vertical walls. These include species such as Peyssonnelia inamoena and the recently described Corynocystis prostrata, both new records for Western Australia.
At Seringapatam there were more dense stands of the brown alga Turbinaria ornata, a species that was observed less frequently at the Rowley Shoals and Scott Reef. In places at Seringapatam it covered the reef entirely, but this was very patchy. This contrasts to the observation of Skewes et al., (1999) , who recorded a greater cover of Turbinaria at Scott Reef compared to Seringapatam. These differences are probably not significant and reflect within-reef or seasonal variation. The green turf Boodlea vanbosseae also formed dense but patchy stands on reef flats. This species was recorded less frequently at the Rowley Shoals but reflects the fact that suitable habitats were not visited. Most other recorded species occurred at all three reefs and in similar densities. There were several species recorded from single specimens (e.g. Platoma cyclocolpum at Stn 26). Most of the commonly observed species occurred at the three reefs.
Mermaid/Scott/Seringapatam Reefs compared to the Indo-Pacific Biogeographic Region
The Indo-Pacific algal flora is very diverse and covers a large area. Some subsets of the region are regarded as biodiversity hotspots, for example the Philippines with some 900 species recorded (Silva et al., 1987) , but this high diversity often also reflects collection effort. Macroalgal studies in some regions have been ongoing for over a century (e.g. Indonesia, beginning with Weber-van Bosse ) and these regions continue to be studied by primarily European botanists (e.g
Figure 9
Gibsmithia hawaiiensis, an unusual gelatinous red alga.
Figure 10
Halimeda macroloba, a species restricted to sandy habitats Verheij & Prud'homme van Reine 1993) . However, much of the Indo-Pacific region is also currently poorly known, particularly so tropical northwestern Australia where, up until some 8 years ago, less than 30 algal species were recorded (Huisman et al., 1998) . Ongoing studies are rapidly changing this situation and presently the known (but mostly unpublished) northwestern Australian flora totals over 350 species. Specimens of possibly another 100 species have been collected, but these are as yet unidentified (unpublished obs.). Thus any assessment of the Rowleys/Scott/Seringapatam algal floras must be viewed against this backdrop, acknowledging that there is much that is still unknown. The algal flora of the Rowley Shoals, Scott and Seringapatam Reefs forms a small subset of the Indo-Pacific algal flora, with virtually all of the species identified thus far having been previously collected from north-western Australia or from localities further north. Several of the collected species represent new records for Western Australia, but these are likely to be revealed as much more widespread once more extensive collections are made from the region. From an algal perspective, there is nothing to suggest that the Rowley Shoals, Scott and Seringapatam Reefs are unique within the Indo-Pacific. A comparison of the total number of species recorded from various regions and localities is given in Table 3 . This is obviously a superficial comparison, as neither collecting effort, area, nor habitat diversity is taken into account. Nevertheless, it does serve to illustrate that the reefs support only a small number of macroalgal species.
Mermaid/Scott/Seringapatam reefs compared to the mainland
Compared with the northwest coast of the mainland, the diversity of Scott Mermaid/Scott/ Seringapatam Reefs is markedly lower. Over 350 species are recorded from the mainland (Huisman, u npubl i she d obs er vat ion s), wherea s on ly approximately 120 species were found at the reefs. This disparity is obviously biased by the larger area and more diverse habitats of the mainland, plus a greater sampling effort. Nevertheless, even comparably smaller subsets of the mainland (e.g.
Figure 11
Halimeda macrophysa, with ruffled segments Figure 12 Lobophora varegiata, common in lagoonal habitats. Barrow Island with 170 spp.; Huisman, unpublished obs.) show a greater diversity than that found at the offshore atolls. Moreover, several taxa common in the Indo-Pacific and often typical of tropical regions were not found. The most conspicuous in their absence were the brown algal genera Sargassum and Cystoseira. Other usually species-rich genera were only represented by a small number of species. For example, 16 species and varieties of the green alga Caulerpa have been recorded from the northwestern Australian mainland, but only five species were found at the offshore atolls. The reasons for this low diversity are uncertain, as suitable microhabitats for many of these taxa appear to be present at the reefs.
FURTHER OUTCOMES
Specimens of the rare Rhizolamellia collum Shevejko 1982 (previously known only from the type collection from Scott Reef) were collected and will form the basis of a separate taxonomic and DNA sequence study to assess the affinities of this enigmatic genus. Other studies generated wholly or in part by these collections, or to which specimens have been contributed, include a reassessment of Boodlea vanbosseae , an assessment of Phyllodictyon orientale (Leliaert et al., 2008) , an analysis of the affinities of Australian Acanthophora spicifera (McDonald & Sherwood, in prep.) and the description of a new species of Asteromenia (Huisman & Saunders, in prep.) . Moreover, all of the species recorded will be included in the 'Marine Benthic Flora of Northwestern Australia' (Huisman, in prep.) and all of the in situ specimen photographs (of which only a selection are included here) will be made available on the Department of Environment and Conservation's 'FloraBase' website.
CONCLUSIONS
The algal flora of the Rowley Shoals, Scott and Seringapatam reefs represents a small subsection of the highly diverse Indo-Pacific flora, with the majority of species recorded during the present survey having been previously recorded from mainland northwestern Australia or from Indonesia. Some 100 species of macroalgae and seagrasses are reported for the reefs (a doubling of the previously known flora), but once cryptic and turf species are fully examined this number is likely to increase further to ± 140 spp. Several species represent new records for Australia (Zellera tawallina) or Western Australia (Corynocystis prostrata, Rhipiliopsis echinocaulos, Halimeda macrophysa).
The algal floras of the three reef systems were essentially similar. Differences between stations were observed, but these were primarily habitat based (i.e. reef front versus reef flat versus lagoon). Several species were characteristic of each of these habitats at the three reefs.
TAXONOMIC ACCOUNT
Taxa are arranged into Divisions (Chlorophyta = green algae, Heterokontophyta: Phaeophyceae = brown algae, Rhodophyta = red algae, Cyanophyta = cyanobacteria = blue-green algae, Magnoliophyta = seagrasses. Divisions are subdivided into Orders, Families, Genera and Species, generally arranged according to Silva et al., (1996) . Species are arranged alphabetically and each entry includes nomenclatural information, an 'Illustrations' section for previously published photographs or drawings, distribution information, and a list of selected specimens. Habitat notes pertain to local collections. In specimen citations, 'URS' refers to the February 2006 URS survey, and 'NWA' refers the to September 2006 WA Museum survey. Where no PERTH accession numbers are given, the specimens are yet to be curated and databased. Further information can be obtained from the first author. The format of this compendium essentially follows that of earlier catalogues of marine plants for Western Australia (Huisman, 1997; Huisman & Borowitzka, 2003; Goldberg & Kendrick, 2005 Figure  1 ). Distal branches of the specimens are extremely elongate, unbranched and remain a uniform width throughout their length, remarkably similar to Ulva ralfsii (Harvey) Le Jolis. However, that species forms free-floating or entangled masses (Womersley, 1984: 152, as Enteromorpha ralfsii; Kraft 2007: 35) , unlike the present specimens. Basal branching occurs in the Seringapatam Reef specimens and also the occasional uniseriate filament, features that suggest Ulva flexuosa subsp. paradoxa (C. Agardh) Kraft (2007) . Further studies (including DNA sequence analyses) are desirable, however, to confirm this identification. (GENT) . Remarks: Molecular data revealed that C. coelothrix is placed in the Siphonocladales clade, along with a number of other Cladophora species, including C. socialis, C. prolifera, C. liebetruthii, C. catenata and C. sibogae . Cladophora coelothrix is comprised of multiple cryptic species with tropical representatives forming a clade that is unrelated to the European representatives. Kützing, 1849 
Order CLADOPHORALES
Family CLADOPHORACEAE
Cladophora socialis
GENT).
Remarks: Cladophora socialis closely resembles C. coelothrix from which it mainly differs by its smaller cell diameter. Molecular data showed that C. socialis is nested within the tropical C. coelothrix clade . (Montagne) Howe (e.g. Womersley, 1984; Huisman, 2000) , but Leliaert & Coppejans (2006) showed that the taxon aligned more closely with Cladophora (see also Kraft, 2007 Figure  14 is from Scott Reef). Distribution: Known from several locations in the tropical waters of the Indian and West Pacific Oceans (see ; in Australia from northern WA and south-eastern Queensland (Cribb, 1960 (a move first made by Kraft, 2007) . Valonia ventricosa is known by the common name 'sailor's eyeballs' and can be very common and conspicuous on reef substrata, particularly in higher energy zones.
Order BRYOPSIDALES
Family CHAETOSIPHONACEAE
BlAsTOphysA Reinke, 1889: 87. Halimeda opuntia f. minima Taylor, 1950: 82-83, 206 Huisman (PERTH 07725094) . Remarks: Udotea glaucescens is generally easily recognized due to its blades being borne in clusters and with filaments visible from the surface. The individual filaments often disassociate and result in the thallus having a frayed appearance. Living specimens are a green colour, but when dried they become grey-green, as suggested by the specific epithet.
Blastophysa rhizopus
Order DASYCLADALES
NEOMERIs Lamouroux, 1816: 241. Koster, 1937 Remarks: In addition to typical G. rugosa, specimens referable to Galaxaura filamentosa were collected from some high energy sites. Australian records of the latter were regarded as representing G. rugosa by Huisman & Borowitzka (1990) and the Rowley Shoals specimens will be subjected to DNA sequence analyses to confirm this opinion. lithothamnion proliferum Foslie, 1904: 18-19 .
Neomeris bilimbata
Ty pe L ocalit y: Lu mu-Lu mu shoa l (Pu lau Lumulumu), Borneo Bank, Indonesia. Illustrations: Keats et al., 1996; Littler & Littler, 2003: 38-39 . (PERTH) . Remarks: Rhizolamellia is a monospecific genus described from collections made by a Russian expedition to Scott Reef in 1978 (Shevejko, 1982) and the present specimens are the first record of the species since its description. The taxonomic placement of the genus is considered questionable by Woelkerling (1988) and the specimens collected during these surveys are being studied in detail (including DNA sequencing). These results will be presented elsewhere. Rhizolamellia inhabits darker crevices in the reef where is forms fragile, basally attached crusts. Kraft in Kraft et al., 1999: 26 predaea laciniosa Kraft, 1984: 11-15 TITANOphORA (J.Agardh) J. Feldmann, 1942: 111.
Corynocystis prostrata
Titanophora pikeana (Dickie) Feldmann, 1942: 111. Galaxaura pikeana Dickie, 1874: 195-196 . Type Locality: Mauritius. Illustrations: Børgesen, 1943 : Figure 13. Huisman, 2000 Schils & Coppejans, 2002: Figures 36-44 Saunders et al., (2006) , a study that included DNA sequencing and included specimens from Western Australia. The Rowley Shoals entity has been sequenced and compared with known species (see Saunders et al.) , and these results, plus morphological observations, indicate it to be a new species (Saunders, pers. comm .) It will be described formally elsewhere. Chamaebotrys boergesenii (Weber-van Bosse) Huisman, 1996: 105. Weber-van Bosse, 1928:473, figures. 207, 208 . Type Locality: Sailus-Besar, Isles Paternoster, from 27 m depth. Illustrations: Huisman, 1996 : 105-109, figures 35-38, 40-42. Huisman, 2000 Aglaothamnion cordatum (Børgesen) FeldmannMazoyer, 1941: 459. Callithamnion cordatum Børgesen, 1909: 10-11, figures. 5-6 . Type Locality: Off Cruz bay, between St. Thomas and St. Jan, Virgin Islands. Illustrations: Price & Scott, 1992: 75-76, figure 22A, (Cho et al., 2008 figure  8 ; Millar et al., 1999: 570, figure 6A . Price & Scott, 1992: 196-198, figure 71A, 
Coelarthrum boergesenii
